Although red meat consumption has been related to the prevalence of diabetes, few data are available showing the relation among red meat intake, inflammation, and metabolic syndrome. We aimed to identify the association between red meat intake, metabolic syndrome, and circulating concentrations of C-reactive protein (CRP) as a surrogate measure of inflammation. In a cross-sectional study of 482 Tehrani female teachers aged 40-60 y, we used a FFQ to assess red meat intake. Anthropometric measures, blood pressure, fasting plasma glucose, lipid profiles, and plasma CRP concentrations were evaluated according to standard methods. Metabolic syndrome was defined as recommended by National Cholesterol Education Program Adult Treatment Panel III guidelines. Red meat intake (mean 6 SEM) was 45.9 6 3.0 g/d.
Introduction
Metabolic syndrome is characterized by a variety of cardiovascular risk factors (1) . Blood concentrations of inflammatory markers are also elevated in this syndrome (2, 3) . Intakes of certain foods, such as dairy, soy, fruit, and vegetables, were negatively associated with this syndrome and this association was positive with hydrogenated vegetable oil (4) (5) (6) (7) (8) . However, few data are available regarding the association between red meat consumption and the prevalence of metabolic syndrome. Red meat intake has frequently been reported to increase the risk of colon, breast, and prostate cancers, heart disease, and diabetes (9) (10) (11) (12) . A dietary pattern heavily loaded with red meat is positively associated with the likelihood of having metabolic syndrome (13) (14) (15) . Detrimental effects of saturated fat (11) , animal protein (10) , and high iron contents of red meat, particularly heme iron, might account for this association (12) . Plasma C-reactive protein (CRP) 3 concentrations might be a factor through which diet would affect the development of metabolic syndrome (8, 16) . The plasma CRP concentration is also elevated in this syndrome (17) . Increased lean red meat intake did not elevate markers of inflammation in humans (18) , whereas adherence to dietary patterns with higher red meat intake has been significantly associated with markers of systemic inflammation, including CRP (14, 19) . The SFA content of red meat might explain these inconsistent findings to some extent (14) . In this study, our primary aim was to assess the association of red meat consumption with prevalence of metabolic syndrome among female teachers aged 40-60 y living in Tehran. Our secondary aim was to search if this association is mediated through plasma concentrations of CRP.
Subjects and Methods
Detailed information about the study participants can be found in previous publications (15, 19) . The sample size of this cross-sectional study was similar to our earlier studies (15, (19) (20) (21) . Only 4 women were currently smoking. Therefore, to avoid potential confounding from smoking, we excluded these women. Therefore, 482 subjects remained for the current study.
As described previously (19) (20) (21) , usual dietary intakes were assessed using a validated 168-item semiquantitative FFQ. The red meat category was defined as the sum of processed meats (sausages and hamburger), red meats (beef, lamb), and organ meats (beef liver, kidney, and heart). Detailed information regarding anthropometric measurements, biochemical assessment, and other variables included in the current study can be found elsewhere (8) . Additional covariate information regarding age, menopausal status, medical history, and current use of medications was obtained by using questionnaires (8, 15, (19) (20) (21) . In the current study, obesity was defined as a BMI $ 30. Metabolic syndrome was defined as recommended by the National Cholesterol Education Program Adult Treatment Panel III (ATP III) (22) .
Statistical methods. The participants were categorized according to quintiles of red meat intake. We used 1-way ANOVA (with Tukey post hoc comparisons) and chi-square tests to identify significant differences in general characteristics across quintiles. Age-adjusted means for energy and macronutrient intakes and age-and energy-adjusted means for dietary variables were calculated by using ANCOVA with Bonferroni correction. Due to skewness in the distribution of CRP, we used logarithmically transformed values of this marker in all analyses. Geometric means for plasma concentrations of CRP across quintiles of red meat intake were calculated in a crude model and a 2nd model with adjustment for potential confounders, including age (continuous), physical activity (continuous), total energy intake (continuous), use of estrogen (yes or no), menopausal status (yes or no), and family history of diabetes or stroke (yes or no), intakes of dietary fiber and cholesterol (continuous), percent of energy from fat (continuous), fruit and vegetables (continuous), white meats and fish (continuous), dairy intake (continuous), partially hydrogenated and nonhydrogenated vegetable oils (continuous), and whole-and refinedgrain intakes (continuous). BMI and dietary iron and protein intakes were considered as potential mediators in the relationship between red meat intake and CRP concentrations. Therefore, additional exploratory models were constructed with separate inclusion of each of these mediators into the model. We used multivariable logistic regression models detect the association of red meat intake with metabolic syndrome and also its components. Again, 2 models were constructed: a crude model and an adjusted model that included age (continuous), physical activity (continuous), total energy intake (continuous), use of estrogen (yes or no), menopausal status (yes or no), family history of diabetes or stroke (yes or no), intakes of dietary fiber and cholesterol (continuous), percent of energy from fat (continuous), fruit and vegetables (continuous), white meats and fish (continuous), dairy intake (continuous), partially hydrogenated and nonhydrogenated vegetable oils (continuous), and whole-and refinedgrain intakes (continuous) as potential confounders. Besides 3 mediating factors mentioned above, CRP was also considered as an additional mediating factor in the association of red meat intake with metabolic syndrome. Therefore, 4 exploratory models were constructed in this regard. In all models, the first quintile of red meat intake was considered as a reference. The Mantel-Haenszel extension test was performed to assess the overall trend of odds ratios (OR) across increasing quintiles. SPSS (version 9.05) was used for all statistical analyses. The significance level was set at 2-sided P , 0.05.
Results
Mean red meat intake in the study population was 45.9 g/d. Compared with subjects in the lowest quintile, those in the top quintile of red meat intake were younger, less physically active, and had higher BMI and waist circumference. Furthermore, metabolic syndrome and its components (high serum triacylglycerol (TG) concentrations, low serum HDL-cholesterol (HDL-C), and high systolic blood pressure) were more prevalent among those in the upper quintile than among those in the lowest quintile ( Table 1) . Participants in the lowest quintile had lower intakes of energy, fat, protein, iron, cholesterol, and vegetable oils and higher intakes of dietary fiber, carbohydrates, fruits, vegetables, white meat, and fish ( Table 2) .
Red meat intake was directly related to plasma CRP concentrations ( Table 3) . After statistically controlling for potential confounders, geometric mean plasma CRP concentrations across increasing quintile categories of red meat intake were 1.48 6 1.61, 1.65 6 2.22, 1.77 6 1.99, 1.91 6 1.89, and 2.04 6 1.80 mg/L (P-trend , 0.01). The percent differences of CRP concentration in the higher quintiles compared with the lowest quintile of red meat intake were 11, 19, 29, and 38% for the 2nd, 3rd, 4th, and 5th quintiles, respectively (P-trend , 0.01).
Red meat intake was significantly associated with metabolic syndrome (Table 4) . This association remained significant even after adjustment for potential confounding variables. Further adjustment for CRP did not affect this association. Control for BMI attenuated the association but still remained significant. This association was also significant after adjusting for total dietary iron and for protein intakes.
Red meat intake was also associated with some components of metabolic syndrome. After controlling for potential confounders, participants in the top quintile of red meat intake were more likely to have low serum HDL-C (OR, 2.32; 95% CI, 1.33, 4.16), elevated serum TG concentrations (OR, 2.63; 95% CI, 1.42, 4.66), and high systolic blood pressure (OR, 3.38; 95% CI, 3 Model I: crude model. 4 Model II: adjusted for age, physical activity, total energy intake, use of estrogen, menopausal status, family history of diabetes or stroke, and intakes of dietary fiber and cholesterol, percent of energy from fat, fruit, and vegetables, white meats and fish, dairy intake, partially hydrogenated and nonhydrogenated vegetable oils, whole-and refined-grain intakes.
Red meat intake, C-reactive protein, and metabolic syndrome 337
1.57, 7.15). Additional adjustment for CRP slightly attenuated the associations, but all were still significant. This was also the case when BMI, dietary iron, or protein intakes were entered separately into the models (data not shown). Red meat intake, abdominal obesity, and impaired glucose homeostasis were not associated. Frequency of red meat intake was not associated with plasma CRP concentrations, metabolic syndrome, or its components.
Discussion
Our findings indicated a direct relationship between red meat intake, plasma CRP concentrations, and elevated risk of metabolic syndrome. These associations remained significant even after extensive adjustments were made for potential confounders. To our knowledge, this is the first study directly relating red meat intake to the risk of metabolic syndrome. However, the association between red meat intake and metabolic syndrome in the framework of dietary patterns has been reported previously (13) (14) (15) . In a study of Japanese-Brazilians (14), men, not women, in the highest tertile of red meat intake had a 4.7 times greater risk for developing metabolic syndrome. Inflammation has been reported to be involved in the pathogenesis of metabolic syndrome (23) . CRP is a useful marker of inflammation in vivo (24) . We are aware of only 1 study in this regard that has assessed lean red meat intake in relation to inflammation, with no significant correlation between these 2 (18). Our study indicated that high consumption of red meat is significantly associated with elevated levels of inflammation measured as plasma CRP concentration. This inconsistency might be explained by the lower content of SFA in lean red meat.
In this study, BMI was a mediator in the red meat-CRP association. Several factors might mediate the association of red meat intake with metabolic syndrome. CRP was a mediator in this association. BMI also was a mediator in this relationship. This association was not completely mediated through plasma CRP concentrations. However, plasma CRP concentrations were a step mediator in this regard, because after adjusting for the CRP concentration, this association was attenuated but still remained significant. However, CRP is also related to BMI.
Previous studies have suggested a significant relationship between red meat intake, type 2 diabetes, and cardiovascular risk factors (9) (10) (11) (12) . Cholesterol (14) , iron (25) , or SFA (14) content of red meat might explain these associations to some extent. Clinical studies have shown no significant effect of iron supplementation per day on plasma CRP concentrations (26, 27) . Heme iron has been shown to differently affect diabetes risk than non-heme iron. Moreover, heme iron from red meat has been suggested to differ from other sources in affecting human health, but the exact mechanism is not clear yet. Therefore, further evidence is required to clarify the possible role of iron in inflammation (27) . To explore the potential mechanisms in the current study, we adjusted our statistical analyses for total iron and protein intakes separately. After these adjustments, the association of red meat intake, inflammation, and metabolic syndrome was attenuated but still significant. It must be kept in mind that total iron and protein intakes were adjusted and due to limitations in food analysis; we could not obtain data for dietary iron, particularly heme iron, and protein intakes from red meat. Therefore, more studies are required to clarify the potential mechanisms by which red meat intake affects inflammation and metabolic syndrome. We also categorized processed meat in the red meat category. Processed meats in Iran contain higher amounts of additives and sodium. These ingredients may also help explain the relationships we reached.
There are some limitations to this study that should be considered. This was a cross-sectional study, so the prospective association remains to be identified. Misclassification of the study participants, as a result of using a FFQ, was a concern in our study. Although we tried to control for known confounders, residual confounding cannot be excluded in our findings. Unfortunately, there is no information regarding the individual fatty acids in the Iranian Food Composition Table. We therefore could not analyze the effect of SFA content of the red meat in this association. Heme, non-heme iron, and vegetable or animal protein were not analyzed in our study. Therefore, we could not explain the potential mechanisms. Although we found a significant association between red meat intake, inflammation, and metabolic syndrome, reducing red meat intake among Iranian women must be recommended 3 Model I: crude model. 4 Model II: controlled for age, physical activity, total energy intake, current estrogen use, menopausal status, family history of diabetes or stroke, intakes of dietary fiber and cholesterol, percent of energy from fat, fruit, and vegetables, white meats and fish, dairy, partially hydrogenated and nonhydrogenated vegetable oils, and whole-and refined-grains. 5 P-trend by using Mantel-Haenszel extension chi-square test.
cautiously due to the high prevalence of iron-deficiency anemia among Iranian women.
In conclusion, this study suggests that red meat intake is associated with higher risk of metabolic syndrome and higher concentrations of plasma CRP. Further prospective investigations are needed to confirm this finding.
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